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SUYMARY

Eighteenboxbeansconstructedaccordingto fourdesignsweresub-
jectedto fatigueteststo studyfatigue-crackpropagationandaccompanying
stressredistribution.Twodesignshadstiffenersrivetedtothecover,
onehadstiffenersbondedtothecover,andonehadan integrallystiffened
covermachinedfroma plate.Twoormorespecimensof eachdesignwere
constructedfromeachofthealuminumalloys2024-T3and7075-T6.The
rateof crackpropagationinspectiensmadeof7075-T6materialwasmore
rapidthanthatinequivalentspecimensmadeof 202&T3andtestedat the
ssmenominalstress.Specimenswithbondedstringershadlowerratesof
crackgrowththandidotherspecimens.Themostrapidrateof crack
propagationwasfoundinspecimenshavingcoversthatwereintegrally

u stilfened.Theresultsarediscussedwith
obtainedduringthetests.

Q
INT!RODUJTION

theafdof stress-surveydata

Theoccurrenceof severalcatastrophicornesrlycatastrophicacci-
dentscausedby fatiguecracksintheprimarystructureofairplaneshas
promptedconsiderablediscussionregarding“fail-safe”designphilosophy.
Proponentsofthisphilosophyrecomaendthataircraftstructuresbe con-
structedinsucha waythatfatiguecrackswhichmightoccurdonotcause
catastrophicfailurebeforeremedialactioncanbe taken.

Wornthedesigner’spetitofview,severalimportantquestionsmust
be snsweredbeforea structuremaybe calledfail-safe.Amongthesesre
thefollowing:

(1)Whereiscrackinitiationmostlikelyto occur?

w (2)Willa crackpropagateb sucha waythatit islikelyto be
discoverdbeforeit isdangerouslylarge?

* (3)mat CaII be doneto controlcrackpropagation?
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(4)Whatistheresidualstaticstrengbhofthestructureaftera d
crackforms?

TheNationalAdvisoryCcmmitteeforAeronauticsiscurrentlystudying .
severalphasesofthisgeneralproblem.Thepresentpaperpresentsinitial
resultsof testsintendedtoprovideinformationconcerningquestions(2)
and (3). Fourdesignsofboxbeamswerebuiltaccordingto currentcon-
structiontechniques,fromboth2024-T3snd7075-T6aluminumalloy,and
weresubjectedto constsnt-levelfatiguetestsatthesamenominalstress.
Fatigue-crackpropagationwasobservedandstrain-gagesurveysweremade
atvariousstagesof thetestsinorderto studytheredistributionof
stressresulttigfromcrackgrowth.

APPARATUSANDTESTS

Specimens

Detailsoftheconstructionofthefourdifferentdesignsofbeams
teckd areshowninfigures1 to4. At leasttwospecimensof eachdesigq
wereconstructedof eachofthealwninumalloys7075-T6and2024-T3.
Brazier-headrivetsmadeof21.17-~aluminumalloywereusedthroughout.

Eachbesmwas8 feetlongbetweensupportswitha constant-moment w
section(carry-throughbay)2 feetlonginthecenter.Me tensioncovers
ofthebeamswerecsmberedto compensateforshearlageffects.Bulkheads
wereplacedat8-inchintervalsinthecarry-throughbayandat 12-inch 9
intervalsintheoutboardbsys. Upri@tangleswereattachedtotheshear
websat intermediatestations.Thecompressioncoversweredesi~edto
insurethatthetensioncoverwascriticalforstaticloading.Allboxes
were20 incheswideandhad8 longitudinalstringersineachcoverexcept
design1,whichwas12,incheswideandhad”llongitudinalstringersin
eachcover.A stress-raiserwasplacedat orhearthecenteroftheten-
sioncoverto encouragecrackinitiationatthatpoint.Thissectionis
referredto as thecriticalsection.Twol/4-inchholes,oneon each
sideofthelongitudinalaxis,weredrilledandreamedsothattheywere
tangentatthecenterline. Thematerialbetweenthetangentsto the
twoholeswasremovedwitha smallfiletomakeenoblonghole,1/2inch
longand1/4inchwide. A hole1 inchindismeterwasdrilledin each
shearwebnearthecriticalsectiontopermitinspectionofthestringers
duringthetests.

Thedistinguishingfeaturesofthevariousconfigurationswereas
follows:

— .—
‘J

Desi~ 1: Besmsbuiltaccordingtodesign1 (fig.1)were12 inches
wideandhadfourl/16-inchby 1 tichby.1 inchstrtigersrivetedtoa cover’-* _
madeof0.051-inchsheet.Therivetpitchwas3/4inchh allstringers
andflanges.
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Design2: Beansbuiltaccordingto design2 (fig.2)werestilar
todesi~ 1 exceptthattheywere20 titheswide,had8 stiffeners,and

therivetpitchinthestringerswas1* inches.

Desi@ 3: l?eamsbuiltaccordingto design3 (fig.3)weredimen-
sionallyidenticaltodesiga2 butthestringerswerebondedtothe
tensioncoverwithem ethoxylineresinadhesive.Rivetswereomitted
inthecarry-throughbaybutwereused,inadditionto thebonding,in
theoutboardbaysofthecover.

Design4: Besmsbuiltaccordingto designk(fig.4)hadintegrally

stiffenedcoversmachi&dfroma 3/4-inchby 20-inchby 10~- inchplate.

Thethiclmessoftheskinbetweenstiffenerswas0.081inchandthe
stiffenerthicknesswas0.094.inch. Onlythecarry-throu@baywas
machinedtothedimensionsindicated.Thetwobaysat eachendof the “
coverwerenotmachinedexceptfortheflanges.A taperInthebays
immediatelyadjacenttothecarry-throughbayjoinedthemachinedand
unmachinedparts.Thecoverwasnotcamberedh thistypeof construction.

Foridentification,eachspecimenwasgivena codedesignation(for
exsmple,IB-2)to facilitatereferenceto specificbesms.Thisdesigna-
tionisexplainedasfollows:Thefirstdigitisa nwber corresponding

4’ to thedesi~ nmber justdescribed,theletterfollowingthisnuniberis
usedto identifythealmirnmalloyf~omwhichthebeamwasbuilt(Ais
for202&T3andB,for7075-T6),andthelastdigitisa numberdesig-

U natingthefirst,second,orthirdspecimenofa givendesignandmaterial.
Intheexsmple,specim~IB-2representsthesecondbeamconstructedof
7075-T6aluminmnalloyaccordtigtodesign1.

Equipment

ThespecimensweresubJectedto repeatedloadsina fatigue-testing
machinelocatedintheLangleystructuresresearchlaboratory.A photo-
graphofthismachinewith”aspecimeninplaceis showninfigure5. The
specimensaresupportedby flexurestrutsat eachoutboerdcornerand
loadedthroughsimilarstrutsthatattachthefourcornersofthecarry-
throughbaytoa movablecrosshead.Forcessxecontrolledby adjustments
ofa variable-throwcrerikandadjustableconnectingrod. Themachinehas
a loadcapacityof 20,M)0 pounds,a maximumeccentricityof 1/2inch,and
operatesat approximate=6M)rpm.
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NACATN3856

d

Resistancewirestraingagesattachedtotheflexurestrutsof the
testingmachinearereadindividuallyto checkforuniformdistribution
of loadssmongthestruts.Thesumoftheoutputsofthegageson the
fourstrutsonthecrossheadisreadtomonitortheappliedloadduring
progressofthetest. Theelectronicapparatusdescribedinreference1
wasusedforthesereadings.

Otherresistancewirestraingsgeswereappliedto-thespecimensto
checkstressdistributionsinthetensioncoverduringthetests.One
gagewasplacedontheoutstandinglegof eachstringeratthecritical
sectionofthebean. Gageswerealsoappliedto thecoverofthebesm
at l-inchintervalsacrossthewidth.b thetestsofallbesmsof
designs1 and2 andof specimen3B-1thesegagesweredisplacedfromthe

criticalsectionby l; inchestopermitinstallationoffatigue-crack

detectorwiresatthecriticalsection.Intheremainderofthetests
thedetectorwireswerenotusedandstraingagesonthecoverwere

-.

.—

applied

In

atthecriticalsection.

Procedure

thetestsofbeamsof-design1,severalstresslevelswereused ~
to arriveat a testconditionwitha meanstressrepresentativeof
lg stressesusedinpracticeandm alternatingstressproducingfailure
ina reasonabletime. As indicatedinfigure6,beamIA-1wastestedat
a stressof 16t 6 ksi; besmIA-2wastestedat a stressof12t 4.6ksi
for557,000cycleswithoutinitiatinga cracksadthenwastestedata
stressof12t 6 ksi. Testsofallotherbesmsofdesign1 wereper-
formedata stressof 12* 6 ksi. Testsofotherdesignswereperformed
at stressesof 13* 6.5ksi.

fiitialloadsineachtestwereadjustedtoproducethedesired
readingsinthestraingagesonthespecimen.Theloadswere.adjusted
as requiredduringtheteststomaintainlosdreadings(straingageson
struts)within~3percentoftheinitialreadings.

Thecriticalsectionofthecoverwasmarkedatl/4-inchintervals
andthenumberof cyclesofloadwhichhadbeenappliedwhenthefatigue
crackpassedeachofthesestationswasrecorded.Insomecasesa rued
dyewasusedto @provevisibilityofthecrack.Strain-gagereadings
weretakenwheneverthecrackpassedcompletelythroughoneoftheskin
panelsor stringers.Testswereusuallycontinueduntilat leastone
stringerhadfailed.



RESULTSANDDISCUSSION

CrackInitiation

Thenwnberof cyclesofloadappliedto eachbesmtoproducea
crackvisibletothenakedeyeisindicatedby theshadedpartsof the
bargraphinfigure6.

Becauseofthevariousstresslevelsusedintestsofbeamswith
design1,theresultsofthosetestsarenotdirectlycomparablewith
theresultsforotherdesigns.Thesmallestnumberof cyclesof load
requiredto initiatea crackina beamofdesign1 wasfoundinspeci-
menlA-1,whichwasalsosubJectedtothehigheststress.Thelargest
numberofcycleswasfoundinspecimenIA-2,whichhadbeensubjected
to lowerstressesinthefirstpartofthetest. Some“coaxing”may
haveoccurredatthelowerstresslevelto causethislonglife.

Specimen4B-1survivedapproximately179,5Cx)cyclesof loadwithout
a crackdevelopingatthecriticalsection.However,at thisthe, a
loudreportwasheardanda crack4 incheslongwasfoundinthecover
at thesupportstation12 inchesfromthecriticalsection.Thiscrack
waspatchedby useof a fiber-glasstechniquedescribedinreference2.
A similarpatchwasplacedon thestation12 inchestotheothersideof
thecriticalsectionandthetestresumed.men a totalof 226,~0cycles

hadbeenapplied,anotherloudreportwasheardsmda crack~ incheslong

wasfoundata crosssection3 inchesfromthecriticalsection.This
crackhadevidentlystartedata rivetinthecornerflangeandprogressed
pasttwostringersbeforeitwasdetected.(Theregionwherethiscrack
occurredhadbeencoveredwitha clsmpingdevicewhichheldtheleadsfor
straingagesonthebox.) Thetestwasdiscontinuedat thispoint.

Specimn4B-2wasreinforcedwithfiber-glasspatchesatthesta-
tions12 inchesto eachsideofthecriticalsectionpriorto test. In
addition,theeffectivenessofthestress-raiseratthecenterof the
besmwasincreasedbymakingsmallnotchesattheendsofthemajoraxis
ofthehole. Thosenotchesweremadeby useofa finethreadcoatedwith
valve-grindingcompound.Thenotchhada radiusof approximately
0.003inchandwasapproximately0.017inchdeep.As expected,the
higherstressconcentrationcausedcrackinitiationearlierinthistest
theminanyother.

Theremainingbeams,regardlessofdesign,weretestedatthessme
stresslevelwithoutothercomplications.. Thedataforthesebeams
should,therefore,be directlycomparableto eachother.me scatter
tinumberof cyclesrequiredto initiatecracksinthesebeansappears

“d



6 NACATN3856

tobeaboutaswouldbe expectedforsimplespecimensmadeofthesame
materials.No significantdifferenceswerefouhdbetweenthenumbersof
cyclesoflosdrequiredto initiatecracksinbesmsmadeof 2024-T3alu-
mtiumalloyandthoserequiredto initiatecracksinbesnsmadeof
707’3-T6aluminumalloy.

Forcomparison,thefatiguelifewaspredictedforsimplespecimens
containingsimilarstress-raisersandsubjectedtothesamestresses.
Thispredictionwasmadeasfollows:Thetheoreticalstress-concentration
factorfortheholeatthecriticalsectionofeachofthebeamswasesti-
matedby thetheoryofreference3 tobe 3.8andthecorrespondingNeuber
technicalfactorKN (ref.4)was3. Thisfactor,togetherwithaverage
fatiguepropertiesofumnotchedsheetspecimenspublishedinreference1,
wasusedtopredicta lifeof140,000cyclesforcompletefailureinsimple
specimensmadefromeither2024-Uor 7075-T6alwninumalloy.Final -.

failureinbuilt-upstructuresisdependentuponthecomplexityofthe
specimenand,therefore,isnotreadilycomparabletofailureinsimple
specimens.Thenumberofcyclesrequiredto causefailureof 20percent
ofthetensioncrosssectionwasarbitrarilyplottedinfigure6 for
comparison.Forpurposesofthispresentationthetensioncrosssection
wasdefinedasthenetareaofthatpartofthecrosssectionwhichwas
abovetheneutralaxis. Theneutralaxiswascomputedforthegross
section.Reasonableagreemehtbetweenthesevaluesandthepredicted
lifeof simplespecimenswasfound.

a

—

CrackPropagation

Thecrack-propagationhistoriesforeachofthebeamsarepresented
infigures7 to10 ascurvesofthepercentageoftensioncross-sectional
arealostplottedagainstthenumberofcyclesof loadappliedafter
crackinitiation.Allthecurvesexceptthosefordesign1 areplotted
tothesamescaletoaidinmakingcomparisons.

Ingeneral,thecracksstartedatbothsidesofthestress-raiser
andgrewslowlyinbothdirectionsuntilatleastonepanelhadfailed.
Therateofcrackgrowththenincreasedgradually&Mng thetestad,
afterstiffenersbeganto fail,becameveryrapid.Thefailureof stiff-
enerswasalmostalwayssuddenwithverylittlecrackpropagationvisible
beforecompletefailureofthestiffener.

Designl.-Themostrapidcrackgrowthforspecimensofdesign1
wasfoundinbeemlfl-1(fig.7). Thisresultwasexpectedsincethe
higheststresswasusedinthistest. Thecrack-propagationcurvefor
beamIA-2wasessentiallythesameasthatforbeu U-3, eventho~

.-.

M-2 hadbeensubjectedto 10ttiesasmanycyclesofload(including
3

cyclesata lowerstresslevel)beforethecrackstarted.Theinitial
partofthesecurvesisconcaveupwardandendsabruptlyata poiqtwhere F
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approximately8 percentofthetensionmaterialhasfailed.Thispart
ofthecurverepresentsgrowthof thecrackacrossthemiddlepanelto
therivetholesinstringersadjacentto thec=ter ofthebean. (The
term“panel”refersto thatpartofthecoverboundedby stringers.)The
crackwasthendormantforsometimebeforeitstartedagainon theother
sideoftherivet.Thenextpartof thecwe isagainconcaveupward
andrepresentscrackgrowthacrossthepanelsadjacenttothemiddlepanel.
Thecracksusuallygrewcompletelythroughthesepanelsbeforethemiddle
stiffenersfailed.me suddenupwardtrendofthecurverepresentsfailure
ofthemiddlestiffeners.Thefailureof theremainingtwopanelsand
twostiffenersfollowedalmostimmediatelyandthetestwasstoppedwhen
thecrackreachdtherivetsinthecornerflange.Becauseoftherapid
failureof thebesmafterlossofthefirststringersa decisionwasmade
tomaketheseconddesi~ withmorestringerssothateachcontributeda
smallerpercentageofthetotaltensionmaterial.

Thecrack-propagationcurvesforthe7075-T6beansmadeaccording
to design1 arestiilarto thoseofthe2024-T3besms,butthenumberof
cyclesof loadrequiredtoproducea givencracklengthislessinthe
7075-T6beams.InspecimmlB-1thecrackproceededacrossthebeamalong
a practicallystrai@tlineandpassedmidwaybetweenrivetsinthefirst
stiffeneron oneside. Therefore,thecrackcontinuedto growuninter-
rupteduntilitreacheda rivethole3/4inchawayfromthecriticalsec-
tioninthesecondstringeronthatside.!Ihus,theabruptdiscontinuity
inthecrack-propagationcurveoccurswhenapproximately14percentof
thematerialhasfailed.Therestofthepropagationof thiscrackwas
essentiallythesameas forspectienlB-2andfor2024-T3specimens
describedearlier.

Design2.- Crackpropagationinbesmsofdesign2 (fig.8)progressed
ina mannersimilarto thatindesign1. Generallytheskinfailedin
threepanelsbeforethefirsttwostiffenersfailed.Therateofpropa-
gationin2024-T3besmswasslightlyseaterh design2 thsmindesign1,
probablybecauseofthehi@er stresslevelusedinthewiderbesms.Cracks
propagatedmuchmorerapidlyinthe7075-T6beansinthisseriesthanin
the2024-T3beams.In specimen2B-1thecrackfollowedan essentially
straightlinewhichmissedrivetholesatthefirst3 stiffenerson one
sideofthebeam. Consequently,thecrackpropagationwasmorerapidin
this spectienthaninanyotherofthisdesign.ThistestwasStopped
beforeanystiffenersfailed.

Design3.-~ general,in specimenswithbondedstringers(design3),
thecrackpropagatedcompletelyacrosstheskinwithoutfailureof any
stringers.Thepercentagearealostfora givennumberofcyclesofload
(fig.9)waslowerinthesespecimensthaninspecimensmadeofthessme
materialinotherdesigns.Oneexceptionto thistiendoccurredin
specimen3A-1,inwhichcrackpropagationwasveryrapidcomparedwith
thatinbeams3A-2and3A-3. Inspectionofbesm3A-1afterfailure

—
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revealedthata poorbondexistedbetweenthestiffenersandthecover.
Afterthecrackhadpassedthefirststiffener,thebondingapparently

.-

hadlittleeffectandthecrackprogressedmuchasthoughno connections
betweenskinandstiffenershadbeenpresent. -“–

Inspectionofthebondsinotherbemnsrevealedthatinno casewas
thebonding100percenteffective.Therefore,theresultsmaynotbe
entirelytypicalforthistypeof construction.

—
Ingeneral,however,the

besmswhichhadthebetterbondsbetweenskinandstiffenersalsohadthe
bettercrack-propagationcharacteristics.b thisrespect,thebondsh
7075-T6beanslookedsomewhatbetterthanthoseinthe2024-T3beams.

.—

Thismayexplainwhythecrack-propagationc-es forspecimens3B-1and
3B-2comparedsofavorablywiththecurvefor3A-3. --

—

Theprogress.ofthefatiguecrackacrogsthestiffenercausedthe_
bondbetweentheskinandstiffenerto separateslowlyineachdirection

—

alongthestringer.A lightmetalobjectwasgentlytappedagainstthe
skinduringthetestinorderto getan estimateofhowfarthebondhad
separated.Inspectionofthespecimensaftertestsindicatedthatthis

—Q

methodhadbeenfairlyreliable.Fi~e 11 isa sketchshowingthecontour _
ofbondseparationforvariouastagesof crackgrowthin specimen3B-1.

Designk.-Thespecimenswithmachinedcovershadthemostrapid
crackgrowth(fig.10)ofanyofthespecti=nstested.

—.
In general,the

cracksgrewthroughthemiddlepanelinmuchthessmemanneras inother
—

-1?
configurations.‘I’hefirststiffeneroneachsidetendedto slowthe
crackonlyveryslightly.Thecrackthengrewpastthestiffenerinthe “— - ~“
skinanddownintothestiffeneritself.Suddenfailureofthestiffener 9–.
occurredwhenthecrackhadpenetratedapproximate~one-halfthedepthof
thestiffener.Usuallythenextpanelalso_~ailedbeforethemachine

\ .=

couldbe stoppedforinspectionofthespecimen.Afterthemachinewas
startedagainthenextstringerandpsnelfailedbeforethemachtiecould
be stopped.In somecasesthemotorwasstoppedbeforeithadaccelerated
tonormalspeedinordertocontrolthesmountbfcrackingthattookplace
betweeninspections.Withthistechniqueitwaslearnedthata crackmight —
passthrougha stringeranda panelinless..than100cyclesof loadwith
cracksfrequentlyjumpingasmuchas1/2tichpercycleaftertwostiff- --
enershadfailed.

As intestsofotherconfigurations,thecracksgrewmorerapidlyin
7075-T6specimensthanin2024-T3specimens:

-.
Thecrack-propagationcurve

forspecimen4B-1doesnotappearinfigure10becauseofthedifficulties
-—.

encounteredinthistestasdescribedpreviously.

w
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StressDistributionb

Theresultsof strain-gagesurveysmadeduringrepresentativetests
k arepresentedinfigures12 to15. me sketchaboveeachfigureshows

theextentofthecrackatthetimeatwhichtheindicatedstresseswere
measured.Thesolidcurvesineachofthesefiguresshowtheoretical
stresses,correctedforshearlag(ref.5),whichapplyatthecritical
sectionwithouta stress-raiserandwithouta crack.Thepointsin
parts(a)ofthesefiguresshowthestressdistributionspresentin each
ofthebeamsatthestsz%oftheteststobe inreasonableagreement
withthetheoreticalstresses.Themaximumvariationinstresslevel
acrossthewidthwasapproximately3 ksi. (Seedataforbeam3B-1,
fig.lk(a).)Asmightbe expected,thestressat a givenpointinthe
skinincreasedasthecrackapproachedthatpoint.Whenthecrackpassed
a givenchordwise(acrossthewidth)station,thestressindicatedby
gagesatthatchordwisestationdecreasedsndfinallyapproachedzero.
Obviously,thosegageswouldhavetidicatedzerostressiftheyhadbeen
immediatelyadjacentto thecrack.Forspecimensonwhichthegageswere
appliedat thecriticalsection,thecrackcausedgagefailureandno
stressindicationwasobtained.

Stringerstressesalsoincreasedas thecrackapproachedthestringer.
W specimensmadeaccordingtodesign1, thestressesh a givenstringer
becameveryhighwhenthecrackhadpro~essedonepsnelpastthatstringer
(fig.12(c)).~ severalcasesthestraintidicationwasoutoftherange. of themeasuringapparatus,orwellintotheplasticrange.Thesehigh
stressesaccountforthesuddenfailureof stiffenersinthesebeams.~

-G specimensmadeaccordingto design2,theincreaseinstringerstress
(fig.13)wasless,butstillappreciable.Thepresenceofrivet.holes
inthesestrtigersundoubtedlycontributedto stringerfailurein
designs1 and2.

A comparisonbetweenstressdistributionsinspecimens2B-2and3B-1
(seefigs.~ (b)and14(b))indicatesthat,asthecrackprogressedthrough
thefirstpanel,thestressbehaviorinbeamswithrivetedstringerswas
essentiallythessmeas thatinbesmswithbondedstringers.As thecrack
grewfarther(figs.13(c)and14(c)),however,thestringerscarriedmuch
lessstressinbondedbeamsthaninrivetedones. Thisfact,together
withtheabsenceofrivetholesinbondedstringers,explainswhyno
stiffenersfailedb specimenswithbondedcovers.

Figure15 showsthat,in titigrallystiffenedbeams(design4),the
stressesintheskinandinadjacentstringersrosetogether.Sincethe
skinandstiffenerswereinte~al,thestiffenersdidnotslowdowncrack
growthtoanysignificantextentinthisconstruction.At leastone
manufacturerusingthistypeof construction(ref.6) isusingmtitiple
unitsadjacentto eachotherto controlthedistanceoverwhichthecrack

* cangrowbeforea naturalboundaryintervenes.
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Althoughtheintegralstiffenersofferedlittleresistancetofatigue- ~
crackpropagationinthisinvestigation,Mc&earty(ref.7)hasShom-ti
significantbenefitof suchstiffenerson staticstrengthofpanelscon-
tainingcracks. H-

CONCLUSIONS

Fatiguetestsof18box-beamspecimensmadeof’thetwostructural
aluminumalloys,2024-T3and7075-T6Yando-ffourdesignconfigurations
supportthefollowingtentativeconclusions:

1.Thenumberofcyclesofloadrequiredto initiatea crackwas
approxtitel,ythatwhichwouldbe expectedonthebasisoftestsof
simplespecimens.Thescatterinresultswasalsoaboutnormalforthese
materials.There-wasno significantdiffer&cebetweennumbersofcycles ‘- :
of loadrequiredto initiatecracksin2024-T3aluminumalloybeamsand

..

thoserequiredto initiatecracks

2.Fora givenconfiguration
grewmorerapidlyin7075-T6than

3. In spectienswithriveted
ruptedeachtimethecrackpassed

in7075-T6besms.

ata give-~stresslevela fatiguecrack —
in2024-T3aluminumalloy.

.— u
, .-

stringersthecrackgrowthwasinter-
undera rivethead. Somecrackspro- w

pagatedwithoutinterruptionalonglineswhichbypassedrivets.A given““-‘“ - 1
stringerfailedafterthecrackhadgrownatleastonepanelpastthat
stringer. v “

4. In specimenswithintegralstiffeners,thecrackgrewsteadily
acrossthecoveratthehighestratefound-inthisinvestigation. . . ._

5.In specimenswithbondedcovers,therateofcrackpropagation
wasinfluencedby theeffectivenessofthebond. Cracksgrewrapidly
acrosstheskininspecimenswithpoorbonds,butinspecimenswithgood
bondsthecracksgrewatthelowestratefoundinthisinvestigation.
No”stiffenersfailedinbondedspectiensbe$orethecrackhadgrowncom- .

pletelythroughtheskin. ThisresultwasprobablyattributabletQ the ““ ‘--
absenceof stress-raisersinthesestringers.

—

6. Strain-gagesurveysindicatedvery-@rgeincreasesinstringer
stressesjustbeforestringerfailureins~cimens.,wi+hfourstrtigers.

-.

Thisstressincreasewassmallerinspecim~swithei~t-stringersrivete&-””-—-
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to thecoverandstillsmallerinbonded
● stiffenedcoversthestringerstress

stressintheskin.
b
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